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(71) We, E. I. DU PONT DE 
NEMOURS AND COMPANY, a Corpora- 
tion organized and existing under the laws 
of the State of Delaware located at 

5 Wilmington, State of Delaware, United States 
of America, do hereby declare the invention 
for which we pray that a patent may be 
granted to us .and the method by which it 
is to be performed, to be particularly des- 

10 cribed in and by die following statement: — 
This invention concerns improvements in 
copolyesters. 

Linear copolyesters have been produced 
heretofore for various purposes, particularly 

15 for the production of films and fibers; but 
known polymers of this type have not been 
as effective as would be desired for some 
applications such as, for example, hydraulic 
hose where resistance to hydraulic fluids at 

20 elevated temperature, high initial modulus at 
high temperature, and low temperature 
flexibility are required. Moreover, known co- 
polyesters generally harden very slowly from 
the molten state which greatly reduces their 

25 effectiveness in injection molding and 
extrusion applications. There has been a need, 
therefore, for a thermoplastic copoiyester com- 
bining rapid hardening rates with superior 
low and high temperature properties and 

30 resistance to solvents and to heat aging. 

According to one aspect of this invention 
there is provided a thermoplastic copoiyester 
comprising a multiplicity of recurring intra- 
linear long chain and short chain ester units 

35 connected head-to-taii through ester linkages, 
saki long chain ester units having the struc- 
ture: 

O O 

II I! 

— OGO— CRC— 

(a) 

and said short chain ester units having the 
40 structure : 

O O 

II II 
— ODO— CRC— 

(b) 



wherein : 

G is a divalent radical remaining after 
removal of terminal hydroxyl groups from 
poly(alkylene oxide) glycols having a carbon- 45 
to-oxygen ratio of 2.0—4.3 and a molecular 
weight above 400; 

R is a divalent radical remaining after 
removal of carboxyl groups from a di- 
carbcxylic acid having a molecular weight less 50 
than 300; and 

D is a divalent radical remaining after 
removal of hydroxyl groups from a low mole- 
cular weight diol having a molecular weight 
less than 250; 55 

with die provisos that the short chain ester 
units constitute 66—95% by weight of the 
copoiyester, at least 70% of the R groups 
must be 1,4 - phenylene radicals, at least 70% 
of the D groups must be 1,4 - butylene 60 
radicals, and the sum of the percentages of 
the R groups which are not 1,4 - phenylene 
radicals and of the D groups which are not 
1,4 - butylene radicals cannot exceed 30%. 

Another aspect of the invention provides 65 
a process for preparing the above copoiyester 
which comprises heating the dimethyl ester of 
said dicarboxylic acid with said poly(alkylene 
oxide) glycol and said low molecular weight 
diol at 150 — 260°C in the presence of a 70 
catalyst, while distilling off methanol formed 
by the ester interchange. 

The term "long chain ester units" as 
applied to units in a polymer chain refers to 
trie reaction product of a long chain glycol 75 
with a dicarboxylic acid. Such "long chain 
ester units", which are a repeating unit in 
the copolyesters of this invention, correspond 
to formula (a) above. The long chain glycols 
are polymeric glycols having terminal hydroxy 80 
groups (i.e. having hydroxy groups on each 
terminal glycol moiety) and a molecular 
weight above 400 and preferably of 400 — 
4000. The long chain glycols used to prepare 
the copolyesters of diis invention are poly- 85 
(alkylenc oxide) glycols having a carbon-to- 
oxygen ratio of 2.0 — 4.3. Representative long 
chain glycols are poly(ethylene oxide) glycol, 
poly(l,2- and 1,3 - propylene oxide) glycol, 
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poly(tetrametliylene oxide) glycol, random or 
block copolymers of ethylene oxide and ip - 
propylene oxide, and random or block co- 
polymers of tetrahydrofuran with minor 
:> amounts of a second monomer such as 3 - 
metoyltetrahydrofuran (used in proportions 
such that the carbon-to-oxygen mole ratio in 
the glycol does not exceed 4.3). 
ir> term " sIloIt c kaha ester units" as 

iu applied to units in a polymer chain refers to 
low molecular weight compounds or polymer 
chain units made by reacting a low molecular 
weight did (below 250) with a dicarboxylic 

•j a ? cld , to ester units represented by 

15 formula (b) above. 

Included among the low molecular weight 
diols (other than 1,4 - butanediol) which 
react to form short chain ester units are 
acyclic, ,alicyclic, and aromatic dihydroxv 
20 compounds. Preferred are diols with 2— 15 
carbon atoms such as ethylene, propylene, 
tetramethylene, pentamethylene, 2,2 - di- 
methyltrimethylene, hexamethylene, and deca- 
methylene glycols, dihydroxy cyclohexane, 
£> cyclohexane dimethanol, resorcinol, hydro- 
quinone and 1,5 - dihydroxy naphthalene. 
Especially preferred are aliphatic diols con- 
taining 2—8 carbon atoms. Included among 
the bis - phenols which can be used are bis- 
(P - hydroxy) diphenyl, bis(p - hydroxy- 
phenyl) methane, and bis(p - hydroxyphenyl) 
propane. Equivalent ester-forming derivatives 
of diols are also useful (e.g., ediylene oxide 
°I e l h y lene carbonate can be used in place 
» of ediylene glycol). The term "low molecular 
weight diols" as used herein should be con- 
strued to include such equivalent ester-form- 
ing derivatives; provided, however, that the 
molecular weight requirement pertains to the 
4U diol only and not to its derivatives. 

Dicarboxylic acids (other than terephthalic 
acid) which are reacted with the foregoing 
long chain glycols and low molecular weight 
diols to produce the copolyesters of this 
« invention are aliphatic, cycloaliphatic, or 
aromatic dicarboxylic acids (other than tere- 
phthalic acid) of a low molecular weight, ie, 
lnX ln ^t a molecular weight of less than about 
300.^ The term "dicarboxylic acids" as used 
w herein, includes equivalents of dicarboxylic 
acids having two functional carboxyl groups 
which perform substantially like dicarboxylic 
acids m reaction with glycols and diols in 
forming copolyester polymers. These equi- 
» valents include esters and ester-forming 
derivatives, such as acid halides and 
anhydrides. The molecular weight require- 
ment pertains to the acid and not to its 
equivalent ester or ester-forming derivative, 
w Thus, an ester of a dicarboxylic acid having 
a molecular weight greater than 300 or an 
acid equivalent of a dicarboxylic acid having 
a molecular weight greater than 300 are 
included provided the acid has a molecular 
«> weight below about 300. The dicarboxylic 



acids can . contain any substituent groups or 
combinations which do not substantially inter- 
fere with the copolyesterpolymer formation 
and use of the polymer of this invention. 
m Aliphatic dicarboxylic acids, as the term 70 
is used herein, refers to carboxylic acids hav- 
ing two carboxyl groups each attached to a 
saturated carbon atom. If the carbon atom to 
which the carboxyl group is attached is 
saturated and is in a ring, the acid is cyclo- 75 
aliphatic. Aliphatic or cycloaliphatic acids hav- 
ing conjugated unsaturation often cannot be 
used because of homopolymerization. How- 
ever, some unsaturated acids, such as maleic 4 
acid, can be used. 39 

Aromatic dicarboxylic acids, as the term is 
used herein, are dicarboxylic acids having two 
carboxyl groups attached to carbon atoms in 
an isolated or fused benzene ring. It is not 
necessary that both functional carboxyl groups 85 
be attached to the same aromatic ring and 
where more than one ring is present, they 
can be joined by aliphatic or aromatic di- 
valent radicals or divalent radicals such as 
— Q— or —SO,—. 90 

Representative aliphatic and cycloaliphatic 
acids which can be used for this invention 
are sebacic acid, 1,3 - cyclohexane dicarboxylic 
ac?d, 1,4 - cyclohexane dicarboxylic acid, 
adipic acid, glutaric acid, succinic acid, oxalic 95 
acid, azelaic acid, diethyl - malonic acid, allyl- 
malomc acid, 4 - cyclohexene - 1,2 - di- 
carboxylic acid, 2 - ethylsuberic acid, 2,2, 
3,3 - ' tetramethylsuccinic acid, cyclopentane- 
dicarboxylic acid, decahydro - 1,5 - nanh- 100 
thalene dicarboxylic acid, 4,4' - bicyclohexyl 
dicarboxylic acid, decahydro - 2,6 - naph- 
thalene dicarboxylic acid, 4,4' - methylene- 
bis - (cyclohexane carboxylic acid). *3,A - 
furan dicarboxylic acid, and 1,1 - cyclobutane 105 
dicarboxylic acid. Preferred aliphatic acids are 
cyclohexane - dicarboxylic acids and adioic 
acid. 

Representative aromatic dicarboxylic acids 
which can be used include phthalic and iso- 110 
phthahc acids, bibenzoic acid, substituted di- 
carboxy compounds with two benzene nuclei 
such as b:s(p - carboxyphenyl) methane, p - 
oxy(p - carboxyphenyl) benzoic acid, 
ethylene - bis(p - oxybenzoic acid), 1,5 - 115 
naphthalene dicarboxylic acid, 2,6 - naph- 
thalene dicarboxylic acid, 2,7 - naphthalene 
dicarboxylic acid, phenanthrene dicarboxylic 
acid, anthracene dicarboxylic acid, 4,4' - 
sulfonyl dibenzoic acid, and C— Q* alkyl 120 
and ring substitution derivatives thereof, such 
as halo, alkoxy, and aryl derivatives. Hydroxyl 
acids such as p(/? - hydroxyethoxy) benzoic 
acid can also be used providing an aromatic 
dicarboxylic acid is also present. 125 

Aromatic dicarboxylic acids are a ^referred 
class for preparing the copolyester polymers 
ot this invention. Among the aromatic acids, 
those with 8 — 16 carbon atoms are preferred, 
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particularly the phenylene dicarboxylic acids, 
i.e., phthalic and isophthalic acids. 

It is essential that at least 70 mole percent 
of the dicarboxylic acid incorporated into the 

5 polymer be terephthalic add and at least 70 
mole percent of the low molecular weight 
diol incorporated into the polymer be 1,4 - 
butanediol. This means .that at least 70% 
of the total R groups in formula (a) plus 

10 formula (b) above are 1,4 - phenylene radicals. 
Thus, fewer than 70% of the R groups in 
either of formula (a) or formula (b) can be 
1,4 - phenylene radicals provided that at least 
70% of the total R radicals in both formulas 

15 are 1 5 4 - phenylene radicals. At least 70% of 
the D groups in formula (b) above are 1,4 - 
butylene radicals (derived from 1,4 - butane- 
diol). A further requirement of the polymers 
of this invention is that the sum of the 

20 percentages of the R groups which are not 
1,4 - phenylene radicals and of the D groups 
which are not 1,4 - butylene radicals cannot 
exceed 30%. For example, if 30% of the 
low molecular weight diol molecules used are 

25 other than 1,4 - butanediol, then all of the 
dicarboxylic acid used must be terephthalic 
acid, or if 10% of die low molecular weight 
diol molecules used are other than 1,4 - 
butanediol, then at least about 80% of the 

30 dicarboxylic acid used must be terephthalic 
acid. Copolyesters having fewer 1,4 - butylene 
terephthalate units than is assured by the 
foregoing proportions do not have sufficiently 
rapid hardening rates. The D and R units 

35 which are not 1,4 - butylene and 1,4 — 
phenylene, respectively, . can be derived from£ 
low molecular weight diols or dicarboxylic 
acids such as those named above. 
Copolyesters containing polytetramethylene 

40 ether glycol residues in which 80 — 95% of 
the short chain ester units are butylene tere- 
phthalate units (i.e. polymers in which at least 
80% of the R and D groups are 1,4 - 
phenylene units and 1,4 - butylene units 

45 respectively and in which the sum of the 
percentages of R groups and D groups in 
formula (b) above which are not 1,4 - 
phenylene units or 1,4 - butylene units, res- 
pectively, is 5—20 %) are preferred in 

j0 applications requiring outstanding oil resis- 
tance. Copolyesters based on polytetra- 
methylene ether glycol in which all of the 
short chain ester units are butylene tere- 
phthalate units embrittle (lose elastorheric 

55 character) at elevated temperatures in certain 
oils such as ASTM #1 oil, even though they 
are useful with a wide variety of other sol- 
vents. Copolyesters based on poly(propylene 
oxide) glycol do not embrittle even when only 

60 butylene terephthalate units are present. 

Copolyesters containing mixed short chain 
ester units, i.e., polymers made from more 
than one kind of dicarboxylic acid and/or 
more than one kind of low molecular weight 

65 diol, are soluble in many partially halogenated 



aliphatic hydrocarbon solvents such as chloro- 
form and 1,1,2 - trichloroethane. This 
solubility is useful in solvent coating applica- 
tions. In contrast, copolyesters based only on 
butylene terephthalate short chain units are 70 
insoluble in such solvents. 

The copolyesters of this invention contain 
66 — 95% by weight short chain ester units 
corresponding to formula (b) above, the 
remainder being long chain ester units corres- 75 
ponding to formula (a) above. Copolyesters 
containing less than about 66% by weight 
short chain units exhibit lower initial modulus 
and reduced resistance toward solvents and 
heat aging, while copolyesters containing more 80 
than about 95 weight % short chain units 
have poor low temperature properties and no 
longer exhibit elastomeric characteristics. The 
preferred range of short chain ester content is 
about 70—90% by weight. 85 

Preferred copolyesters of this invention are 
those prepared from dimethyl terephthalate, 
1,4 - butanediol, and poly(tetramethylene 
oxide) glycol having a molecular weight of 
about 600—2000 or polyethylene oxide) 90 
glycol having a molecular weight of about 
600 — 1500. Optionally, up to about 30 mole 
% and preferably 5—20 mole % of the di- 
methyl terephthalate in these polymers can 
be replaced by dimethyl phthalate or dimethyl 95 
isophthalate. Other preferred copolyesters are 
those prepared from dimethyl terephthalate, 
1,4 - butanediol, and polypropylene oxide) 
glycol having ,a molecular weight of about 
600—1600. Up to 30 mole % and preferably 100 
10—25 mole % of the dimethyl terephthalate 
can be replaced with dimethyl isophthalate 
or butanediol can be replaced with neopentyi 
glycol until up to about 30% and preferably 
10—25% of the short chain ester units are 105 
derived from neopentyi glycol in these poly- 
propylene oxide) glycol polymers. The poly- 
mers based on poly(tetramethylene oxide) 
glycol are especially preferred because they 
are easily prepared, have overall superior 110 
physical properties, and are especially resistant 
to water. 

The dicarboxylic acids or their derivatives 
and the polymeric glycol are incorporated into 
the final product in the same molar propor- 115 
tions as are present in the reaction mixture. 
The amount of low molecular weight diol 
actually incorporated corresponds to the 
difference between the moles of diacid and 
polymeric glycol present in the reaction mix- 120 
ture. When mixtures of low molecular weight 
diols are employed, the amounts of each diol 
incorporated is largely a function of the 
amounts of the diols present, their boiling 
points, and relative reactivities. The total 125 
amount of glycol incorporated is still the 
difference between moles of diacid and poly- 
meric glycol. 

The polymers described herein can be made 
conveniendy by a conventional ester inter- 130 
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change reaction. A preferred procedure 
involves heating the dimethyl ester of tere- 
phthalic acid with a long chain glycol and a 
molar excess of 1,4 - butanediol in the pre- 

5 sence of a catalyst at 150— 260°C. while 
distilling off methanol formed by the ester 
interchange. Depending on temperature, cata- 
lyst, glycol excess, and equipment, this reac- 
tion can be completed within a few minutes 

10 to a few hours. This procedure results in the 
preparation of a low molecular weight pre- 
polymer which can be carried to a high mole- 
cular weight copolyester of this invention 
by the procedure described below. Such pre- 

15 polymers can also be prepared by a number 
of alternate esterification or ester interchange 
processes; for example, the long chain glycol 
can be reacted with a high or low molecular 
weight short chain ester homopolymer or co- 

20 polymer in the presence of catalyst until 
randomization occurs. The short chain ester 
homopolymer or copolymer can be prepared 
by ester interchange from either the dimethyl 
esters and low molecular weight diols, as 

25 above, or from the free acids with the diol 
acetates. Alternatively, the short chain ester 
copolymer can be prepared by direct esteri- 
fication from appropriate acids, anhydrides, or 
acid chlorides, for example, with diols or by 

30 other processes such as reaction of the acids 
with cyclic ethers or carbonates. Obviously, 
the prepolymer might also be prepared by 
running these processes in the presence of 
the long chain glycol. 

35 The resulting prepolymer is then carried to 
high molecular weight by distillation of the 
excess of short chain diol. This process is 
known as "polycondensation". Additional ester 
interchange occurs during this distillation to 

40 increase the molecular weight and to 
randomize the arrangement of the copolyester 
units. Best results are usually obtained if this 
final distillation or polycondensation is run at 
less than 1 mm. pressure and 240— 260° C. 

45 for less than 2 hours in the presence of anti- 
oxidants such as sym - di - beta - naphthyl - 
p - phenylenediamine and 1,3,5 - trimethyl - 
2,4,6 - tris[3,5 - ditertiarybutyl - 4 - hydroxy- 
benzyl] benzene. Most practical polymerization 

50 techniques rely upon ester interchange to 
complete the polymerization reaction. In order 
to avoid excessive hold time at high tem- 
peratures with possible irreversible thermal 
degradation, a catalyst for the ester inter- 

55 change reaction should be employed. While 
a wide variety of catalysts can be used, 
organic titanates such as tetrabutyl titanate 
used alone or in combination with magnesium 
or calcium acetates are preferred. Complex 

60 titanates, such as Mg[HTi(OR) c ] 2 , derived 
from alkali or alkaline earth metal alkoxides 
and titanate esters are also very effective. 
Inorganic titanates, such a^ lanthanum titanate, 
calcium acetate/antimony trioxide mixtures 

65 and lithium and magnesium alkoxides are 



representative of other catalysts which can 
be used. 

Ester interchange polymerizations are 
generally run in the melt without added 
solvent, but inert solvents can be used to 70 
facilitate removal of volatile components from 
the mass at low temperatures. This technique 
is especially valuable during prepolymer pre- 
paration, for example, by direct esterification. 
However, certain low molecular weight diols, 75 
for example, butanediol in terphenyl, are con- 
veniently removed during high polymerization 
by azeotropic distillation. Other special poly- 
merization techniques, for example, interfacial 
polymerization of bisphenol with bisacyl- 80 
halides and bisacylhalide capped linear diols, 
may prove useful for preparation of specific 
polymers. Both batch and continuous methods 
can be used for any stage of copolyester 
polymer preparation. Polycondensation of pre- 85 
polymer can also be accomplished in the solid 
phase by heating divided solid prepolymer in 
a vacuum or in a stream of inert gas to 
remove liberated low molecular weight diol. 
This method has the advantage of reducing 90 
degradation because it must be used at tem- 
peratures below the softening point of the 
prepolymer. 

Although the copolyesters of this invention 
possess many desirable properties, it is 95 
advisable to stabilize certain of the composi- 
tions to heat or radiation by ultraviolet light. 
This can be done by incorporating stabilizers 
in the polyester compositions. Satisfactory 
stabilizers comprise phenols and their deriva- 100 
tives, amines and their derivatives, compounds 
containing both hydroxyl and amine groups, 
hydroxyazines, oximes, polymeric phenolic 
esters and salts of multivalent metals in which 
the metal is in its lower valence state. 105 

Representative phenol derivatives useful as 
stabilizers include 4,4' - bis(2,6 - ditertiary - 
butylphenol), 1,3,5 - trimethyl - 2,4,6 - tris- 
[3,5 - ditertiary - butyl - 4 - hydroxybenzyl]- 
benzene and 4,4' - butylidene - bis(6 - 110 
tertiary - butyl - rn - cresol). Various 
inorganic metal salts or hydroxides can be 
used as well as organic complexes such as 
nickel dibutyl dithiocarbamate, manganous 
salicylate and copper 3 - phenylsalicylate. 115 
Typical amin estabilizers include N,N' - bis- 
(beta - naphthyl) - p - phenylenediamine, 
N,N' - bis(l - methylheptyl) - p - phenylene- 
diamine and either phenyl - betanaphthyl 
amine or its reaction products with aldehydes. 120 
Mixtures of hindered phenols with esters of 
thiodiprcpionic acid, mercaptides, and phos- 
phite esters are particularly useful. Additional 
stabilization to ultraviolet light can be 
obtained by compounding with various UV 125 
absorbers such as substituted benzophenones 
or benzotriazoles. 

The properties of these copolyesters can be 
modified by incorporation of various con- 
ventional inorganic fillers such as carbon 130 
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black, silica gel, alumina, clays, and chopped 
fiberglass. In general, these additives have 
the effect of increasing the modulus of the 
material at various elongations. Compounds 

5 having a range of hardness values can be 
obtained by blending hard and soft polyesters 
of this invention. 

The copolyesters of this invention have an 
outstanding balance of properties. In spite of 

10 their relatively low concentration of long chain 
ester units, the copolyesters have surprisingly 
good low temperature properties. The incor- 
poration of only 5% by weight of polytetra- 
methylene ether terephthalate units into poly- 

15 (butylene terephthalate) reduces the brittle 
temperature from 0°C. to — 40°C. At the 
same time, the copolyesters have useful tensile 
properties at temperatures as high as 200° C. 
unlike similar prior art compositions contain- 

20 ing less than 66% short chain ester units. In 
addition, the copolyesters of this invention 
retain their strength after extended exposure 
to a variety of organic fluids (including 
hydraulic fluids) at temperatures as high as 

25 120— 150°C, which is in contrast to the 
performance of prior art copolyesters. Similar 
advantages are provided by the copolyesters 
in heat aging. For instance, after aging for 2 
weeks at 150°C, the modulus at 100% 

30 extension is virtually unchanged for the 
instant copolyesters, while similar prior art 
compositions lose most of their strength and 
elastomeric character when subjected to 
similar treatment. 

35 Because the polymers of this invention have 
relatively low melt viscosity, (particularly at 
low shear), excellent thermal stability at pro- 
cessing temperature, rapid hardening rates, 
good flow and mold wetting characteristics, 

40 and relative insensitivity to moisture, they 
may be processed by substantially all pro- 
cedures which have been used for thermo- 
plastics in general, and in many instances, 
they offer significant processing advantage 

45 over competitive thermoplastic polymers. 
They are especially effective in injection mold- 
ing and high speed extrusion applications 
because of their rapid hardening rates. The 
materials can be injection, compression, 

50 transfer and blow molded to form articles 
which may include inserts, if desired, meet- 
ing close tolerances. Because of their melt 
viscosity and stability, they can be used for 
melt and puddle casting. They can be readily 

55 extruded to produce films (blown or 
unblown), tubing, other forms having com- 
plicated cross-sections, and cross-heat 
extruded for hose, wire, cable, and other sub- 
strate covers. They can be melt spun to form 

60 fibers and filaments. They can be readily 
calendered to produce films and sheeting or 
to produce calender-coat woven and non- 
woven fabrics and other substances. 

In finely divided form, the polymers of this 

65 invention offer the above-mentioned processing 



advantages for procedures employing 
powdered thermoplastics. In addition, they 
can be used in crumb form. The unique flow 
characteristics of these polymers give excellent 
definition on molded surfaces and facilitate 70 
fusion bonding procedures such as rotational 
molding (either one or two axis methods), 
slush molding, and centrifugal molding as 
well as powder coating techniques such as 
fluidized bed, electrostatic spray, flame spray, 75 
flock coating, powder flow coating, cloud 
chamber, and heat fused coating (for flexible 
substrates). 

The melt viscosity and stability charac- 
teristics of these polymers offer advantages 80 
for use in certain coating and adhesive pro- 
cedures such as dip, transfer, roller, and knife 
coating and hot melt adhesives. These same 
advantages are useful in various combining 
and laminating operations such as hot roll, 85 
web, and flame laminating as well as other 
thermoplastic heat sealing processes. The low 
melt viscosity cf these polymers permits the 
use of more delicate substrates in combining, 
laminating, and calendering operations and 90 
allows penetration into die substrate, if 
desired. No other thermoplastic polymers 
need be present. 

All parts, proportions, and percentages dis- 
closed herein are by weight unless otherwise 95 
indicated. The following examples further 
illustrate the invention. 

EXAMPLES 
The following ASTM methods are 
employed in determining the properties of the 100 
polymers prepared in the example which 
follow. 

Modulus at 100% elongation, 



M 100 D412 
Modulus at 300% elongation, 105 

M 3O0 D412 
Modulus at 500% elongation, 

M- O0 ~ D412 

Tensile at Break, T n D412 

Elongation at Break, E B D412 110 

Flexural Modulus D797 

Hardness, Shore D D1484 

Oil Swell D471 

Brittle Temperature D746 



The following catalysts are used in pre- 115 
paring the compositions of the examples: 

Catalyst A 

Solution 1 is prepared by dissolving 111.05 
ml. cf tetrabutyl titanate in 900 ml. of dry 
butanol - 1. 120 

Solution 2 is prepared by dissolving 3 g. 
of anhydrous magnesium acetate in 100 ml. 
of dry methanol. 

In the examples which follow, 2 parts by 
volume cf Solution 1 mixed with 1 part by 125 
volume of Solution 2 is used. 
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Catalyst B 

To 200 ml. of dry methanol is added 11.2 
g. of anhydrous magnesium acetate and the 
mixture is refluxed for- 2 hours. The resulting 
5 solution, is cooled to room temperature and 
44.4 ml. of ietrabutyl titanate and 150 ml. of 
1,4 - butanediol are added with mixing. 

Example 1 
Copolyester 1-A is prepared by placing the 
10 following materials in an agitated flask fitted 
for distillation: 

parts 

Polytetramethyleneether glycol; 



number average molecular 



weight about 975 


14.0 


1,4 - Butanediol 


25.5 


Dimethyl terephthalate 


38.0 


Sym - di - beta - naphthyl - p - 




phenylenediamine 


0.17 


Catalyst A 


0.4 


A stainless steel stirrer with a 


paddle cut 



to conform with the internal radius of the 
flask is positioned about 3 mm. frcm the 
bottom of the flash and agitation is started. 

25 The flask is placed in an oil bath at 16C°C, 
agitated for five minutes and then the catalyst 
is added. Methanol distils from the reaction 
mixture as the temperature is slowly raised 
to 250° C. over a period of one hour. When 

30 the temperature reaches 250°C. the pressure 
is gradually reduced to 0.3 mm. Hg. within 
20 minutes. The polymerization mass is 
agitated at 250°C./0.3 mm. Hg. for 60 
minutes. The resulting viscous molten pro- 

35 duct is scraped frcm the flask in a nitrogen 
(water and oxygen free) atmosphere and 
allowed to cool. The inherent viscosity of the 



product at a concentration of 0.1 g./dcl. in 
m - cresol at 30°C. is 1.63. Samples for 
physical testing are prepared by compression 40 
molding at about 240°C. for cne minute and 
cooling rapidly in the press. The polymer has 
a Shore D hardness of about 6. 

A second polymer (1-B) containing a higher 
proportion of short chain ester units is pre- 45 
pared by substantially the same procedure 
from the following materials: 

parts 

Polytetramethyleneether glycol; 



number average molecular 50 

weight about 975 11.95 

1,4 - Butanediol 27.55 

Dimethyl terephthalate 40.5 
Sym - di - beta - naphthyl - p - 

phenylenediamine 0.18 55 

Catalyst A 0.4 



This polymer has an inherent viscosity in 
m - cresol of 1.49 and a Shore D hardness of 
63. 

A prior art control polymer is also pre- 60 
pared by the same procedure from the follow- 
ing materials: 

parts 



Polytetramethyleneether glycol; 

number average molecular 65 

weight about 975 38.5 

1,4 - Butanediol 36.5 

Dimethyl terephthalate 60.0 
Sym - di - beta - naphthyl - p - 

phenylenediamine 0.30 70 

Catalyst A 0.71 



The control has an inherent viscosity of 
1.65 and a Shore D hardness of 55. 

Properties of copolyesters 1-A and 1-B and 
the control polymer are shown in Table I. 75 



80 



85 



90 



95 



TABLE I 

Short Chain Ester Units, % by weight 

Stress/Strain at 25°C. 
Tensile Strength, kg/cm 2 
Elongation at Break, % 
100% Modulus, kg/cm 2 
300% Modulus, kg/cm 2 
500% Modulus, kg/cm 2 

Stress/Strain at 200° C. 
Tensile Strength, kg/cm 2 
Elongation at Break, % 
100% Modulus, kg/cm 2 
300%, Modulus, kg/cm 2 
500% Modulus, kg/cm 2 

Properties at 25°C. after Immersion for 7 
days at 121°C in Texaco Type "A" Trans- 
mission Fluid (Hydrocarbon Type) 

Tensile Strength, kg/cm 2 

Elongation at Break, % 

100% Modulus, kg/cm 2 

% Volume Increase 



l-A 


1-B 


Control 


71.5 


76.0 


57.8 


538 


485 


453 


525 


510 


765 


187 


201 


151 


250 


278 


248 


476 


468 


274 



141 


134"! 


570 


525 


37 


46 


62 


74 


116 


137. 


228 


269 


275 


275 


197 


216 



Too Soft 
To Test 



151 
75 
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1-A 



1-B Control 



10 



Properties at 25°C after Immersion for 7 
days at 121°C. in Skydrol 500A (Isooctyl 
diphenyl phosphate) 

Tensile Strength, kg/cm 2 . 

Elongation at Break, % 

100% Modulus, kg/an 2 

300% Modulus, kg/cm 2 

% Volume Increase 

Example 2 

Three polyester compositions are prepared from the following ingredients substantially 
by the procedure cf Example 1. To facilitate removal from the reactor, the polymerization 
masses are heated to 260°C. just prior to isolation. 



347 


368 


241 


400 


405 


365 


199 


215 


135 


266 


276 


181 


19.9 


16.8 


32.7 



15 



20 





2-A 


2-B 


Control 


Polytetramethyleneether glycol; number 








average molecular weight about 975, parts 


7.17 


2.68 




1,4 - Butanediol, parts 


33.8 


33.9 


37.6 


Dimethyl Terephthalate, parts 


50.0 


51.6 


54.0 


Sym - di - beta - naphthyl - p - phenylene- 








diamine, parts 


0.2 


0.2 


0.2 


Catalyst A, parts 


0.4 


0.4 


0.4 



2-A 
87.5 



2-B 

95.0 



Control 
100 



Copolyesters 2-A and 2-B are within the limits of this invention. The control is a prior 
art polymer. 

Properties of the three polymers are shown in Table II. Samples for testing are prepared 
25 by compression molding at 240 — 250°C. 

TABLE II 

Short Chain Ester Units, % by weight 

Room Temperature Properties 
30 M 10o , kg/cm 2 

M 30 o> kg/cm 2 
T B , kg/cm 2 
E B , % 

Hardness, Shore D 
35 Brittle temperature, °C. 

Flexurai modulus, kg/cm 2 

150°C. Properties 
M l00 , kg/cm 2 
M 300 > kg/cm 2 
40 T B , kg/cm 2 

E B , % 

The copolyesters of this invention exhibit excellent properties at both low and high 
temperatures. However, the control polymer, while having useful high temperature pro- 
perties, embrittles at 0°C. 
45 Example 3 

Two copolyesters (3-A and 3-B) are pre- pared substantially by the procedure of 
Example 1 using the following materials : 



Polytetramethyleneether glycol; number 
50 average molecular weight about 975, parts 

1,4 - Butanediol, parts 
Dimethyl Terephthalate, parts 
Dimethyl Isophthalate, parts 
Dimethyl Phthalate, parts 
55 Sym - di - beta - naphthyl - p - phenylene- 

diamine, parts 
Catalyst A, parts 



267 






. 274 






514 


478 


344 


400 


10 


5 


72 


78 


82 


<-60 


-40 


0 


8220 


19430 


26780 


82 


97 


112 


176 


204 


209 


287 


309 


259 


450 


400 


360 



3-A 


3-B 


10.7 


10.7 


30.0 


30.0 


36.45 


36.45 


3.65 






3.65 


0.2 


0.2 


0.4 


0.4 



1,404,340 



The properties of these copolyesters are shown in Table III. For comparison, the pro- 
xies of the prior art Control polymer prepared in Example 1 are also shown in Table 



perties 
III, 



TABLE III 

5 3-A 3-B 

Inherent Viscosity 1.47 1.44 

Short Chain Ester Units, % by weight 78.3 78.3 

Percentage of butylene terephthalate units 91 91 

Properties at 25 °C 

10 Tensile Strength, kg/cm 2 588 468 

Elongation at Break, % 545 600 

100% Modulus, kg/cm 2 178 174 

Hardness, Shore D 63 63 

Properties at 25°C. after Immersion for 7 
15 days at 150°G in ASTM No. 1 Oil 

Tensile Strength, kg/cm 2 387 365 

Elongation at Break, % 620 620 

100% Modulus, kg/cm 2 214 190 

Properties at 25 °C. after Aging at 150°C. 
for 14 days in Air 

Tensile Strength, kg/cm 2 380 316 

Elongation at Break, % 590 585 

100% Modulus, kg/cm 2 186 190 

Example 4 
A copolyester is prepared from the follow- 
ing materials: 



20 



25 



Control (Ex. 1) 
1.65 
57.8 
100 



464 
740 
153 
55 



192 
480 
181 



117 
10 



eneether glycol is prepared by the procedure 
of this example from the following materials: 



30 



35 



40 



45 



50 



Polypropyleneether glycol, 
number average molecular 
weight about 1000 

1,4 - Butanediol 

Dimethyl Terephthalate 

Dimethyl Isophthalate 

Sym - di - beta - naphthyl - p 
phenylenediamine 

Catalyst B 



parts 



11.8 
25.7 
31.2 
7.8 

0.17 
0.36 



Polypropyleneether glycol, 
number average molecular 
weight about 1000 

1,4 - Butanediol 

2,2 - Dimethyl - 1,3 - propanediol 

Dimethyl Terephthalate 

Sym - di - beta - naphthyl - p - 

phenylenediamine 
Catalyst B 



parts 



11.7 
20.2 
5.9 
38.7 

0.17 
0.36 



The procedure of Example 1 is used to 
prepare the polymer with the exception that 
polycondensation is continued for 90 minutes 
at about 255 — 260°C and <0.1 mm. Hg. 

The polymer has an inherent viscosity of 
1.36 in m - cresoi. The properties of the co- 
polyester are shown in Table IV- A. 

TABLE IV-A 
Short Chain Ester Units, % 

by weight 76 

Mx fl « kg/cm 2 137 

M 2oo , kg/cm 2 149 

M 3oo> kg/cm 2 202 

T B , kg/cm 2 513 

B B , % 575 
Trouser Tear 50'7min., 

kg/cm* 6810 

Hardness, Shore D 57 



55 A second copolyester based on polypropyl- 



The resulting copolyester has an inherent 
viscosity of 1.23 in m - cresoi. Its properties 
are shown in Table IV-B. 



60 



65 



70 



TABLE IV-B 
Short Chain Ester Units, % 

by weight 
M J00 , kg/cm 2 
M 200 , kg/cm 2 
M 3oo , kg/cm 2 
T B , kg/cm 2 
E B , % 

Trouser Tear, 50'7min., 

kg/cm* 
Hardness, Shore D 



-76 
132 

152 
422 
555 

76.4 
58 



75 



80 



*ASTM D-470 modified by use of 3.81 
cmX7.62 cm with a 3.81 cm cut on the long 
axis of the sample. This configuration pre- 
vents "necking down" at the point of tearing. 85 
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Example 5 
A poly(ethylene oxide) glycol-based copoly- 
ester is prepared substantially by the pro- 
cedure of Example 1 from the following 
5 materials: 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Poly(ethylene oxide) glycol, 
number average molecular 
weight about 1000 
1,4 - Butanediol 
Dimethyl Terephthalate 
Sym - di - beta - naphthyl - p 

phenylenediamine 
Catalyst A 



parts 



20.9 
46.7 
68.0 

0.3 
1.0 



carefully reduced to about 0.5 mm. Hg. The 
conditions are maintained for about 90 
minutes. The resulting polymer is removed 
from the flask in a nitrogen atmosphere. It 
has an inherent viscosity of 1.57 at 30°C. 
at a concentration of 0.5 g./dcl. in a mixed, 
solvent of 60 parts by volume phenol/40 parts 
by volume 1,1,2,2 - tetrachloroethane. Samples 
for physical testing are prepared by com- 
pression molding at about 220°C. 

The copolyester has the following physical 
properties: 



The copolyester has an inherent viscosity of 
1.57 in m - cresol, a Shore D hardness of 64, 
and contains 75.4% by weight short chain 
ester units. 

The properties of the copolyester are shown 
in Table V. 

TABLE V 
Properties at 25°C. 

Tensile Strength, kg/cm 2 295 
Elongation at Break, % 350 
100% Modulus, kg/cm 2 219 
300% Modulus, kg/cm 2 229 

Properties at 150° C. 

Tensile Strength, kg/cm 2 246 

Elongation at Break, % 580 

100% Modulus, kg/cm 2 91 

300% Modulus, kg/cm 2 126 

500% Modulus, kg/cm 2 225 

Brittle Temperature, °C. —57 

Example 6 
A copolyester is prepared by placing the 
following materials in a flask equipped for 
distillation and additionally equipped with a 
close fitting agitator. 



Polytetramethylene ether glycol 
number average molecular 
weight about 1000 

Dimethyl terephthalate 

1,4 - Butanediol 

Sym - di ~ beta - naphthyl - p - 
phenylenediamine 

Catalyst Solution* 



17.8 g. 
38.1 g. 
36.1 ml. 

0.3 g. 
0.3 ml. 



55 



*The catalyst solution is prepared by dis- 
solving 1.41 g. of magnesium turnings in 300 
ml. of anhydrous butanol - 1. Solution is 
effected by refluxing for 4 hours, after which 
36.0 g. of tetrabutyl titanate is added and 
reflux continued for one hour. The catalyst 
solution is cooled and bottled until required. 



The flask is placed in an oil bath at 200°C 
for 90 minutes to effect transesterification. 
The bath is heated to 260°C and the pressure 



60 



65 



75 



Short Chain Ester Units, % 
by weight 66.1 70 

Properties at 70°C. 

100% Modulus, kg/cm 2 105 
300% Modulus, kg/cm 2 137 

Tensile Strength, kg/cm 2 >295** 

Elongation at Break, % >690** 
Tear Strength, D-470, kg/cm 30.4 

Compression Set, ASTM D-395 
Method B, 22 hr./70°C. 48 

**No break 

WHAT WE CLAIM IS:— 80 
1. A thermoplastic copolyester comprising 
a multiplicity of recurring intralinear long 
chain and short chain ester units connected 
head-to-tail through ester linkages, said long 
chain ester units having the structure: 85 

O O 

— OGO— CRC— 

(a) 

and said short chain ester units having the 
structure: 

O O 

II II 

— ODO— CRC— 
(b) 

wherein : 90 

G is a divalent radical remaining after 
removal of terminal hydroxyl groups from 
poly(alkylene oxide) glycols having a carbon- 
to-oxygen ratio of 2.0 — 4.3 and a molecular 
weight above 400; 95 

R is a divalent radical remaining after 
removal of carboxyl groups from a di- 
carboxylic acid having a molecular weight less 
than 300; and 

D is a divalent radical remaining after 100 
removal of hydroxyl groups from a low mole- 
cular weight diol having a molecular weight 
less than 250; 

with the provisos that the short chain ester 
units constitute 66 — 95% by weight of the 105 
ccpolyester, at least 70% of the R groups 
must be 1,4 - phenylene radicals, at least 
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70% of the D groups must be 1,4 - butylene 
radicals, and the sum of the percentages of 
the R groups which are not 1,4 - phenylene 
radicals and of the D groups which are not 
5 1,4 - butylene radicals cannot exceed 30%. 

2. A ccpclyester according to claim 1 
wherein said poly(alkylene oxide) glycol has 
a molecular weight of 400 — 4000. 

3. A copolyester according to claims 1 or 
10 2 wherein said low molecular weight diol has 

2 — 8 carbon atoms. 

4. A copolyester according to any of the 
preceding claims wherein substantially all of 
the dicarboxylic acid is terephthalic acid. 

15 5. A copolyester according to any of claims 
1 — 4 wherein the dicarboxylic acid is 70 — 
100% terephthalic acid and 0—30% iso- 
phthalic acid. 

6. A copolyester according to any of claims 
20 1 — 4 wherein the dicarboxylic acid is 70 — 

100% terephthalic acid and 0—30% phthalic 
acid. 

7. A copolyester according to any of the 
preceding claims wherein substantially all of 

25 said lew molecular weight diol is 1,4 - 
butanediol. 

8. A copolyester according to any of the 
preceding claims wherein the short chain ester 
units constitute 70 — 90%, by weight of the 

30 polymer. 

9. A copolyester according to any of the 
preceding claims wherein the pcly(alkylene 
oxide) glycol is poly(tetramethylene oxide) 
glycol having a molecular weight of 600 — 

35 2000. 

10. A copolyester according to any of the 
preceding claims wherein the dicarboxylic acid 
is 70—100 mole % terephthalic acid, 0— 30 
mole % iscphthalic acid and G — 30 mole % 

40 phthalic acid; the poly(alkylene cxide) glycol 
is poly(tetramethylene oxide) glycol having a 
molecular weight of 600 — 2000 and said low 
molecular weight diol is 1,4 - butanediol. 

11. A copolyester according to any of 
45 claims 1 — 8 wherein the dicarboxylic acid is 

70—100 mole % terephthalic acid, 0—30 
mole % iscphthalic acid, and 0 — 30 mcle % 
phthalic acid; the low molecular weight diol 
is 1,4 - butanediol and the poly(alkylene 
50 oxide); glycol is poly (ethylene oxide) glycol 
having a molecular weight of 600 — 1500. 

12. A copolyester according to claims 10 
or 11 wherein substantially all of the di- 
carboxylic acid is terephthalic acid. 

55 13. A copolyester according to claims 10 
or 11 wherein the dicarboxylic acid is 80 — 
95 mole % terephthalic acid and 5—20 mole 
% of at least one of isophthalic acid and 
phthalic acid. 

60 14. A copolyester according to any of claims 
1 — 8 wherein the dicarboxylic acid is 70 — 



100 mole % terephthalic acid and 0—30 
mole % isophthalic acid; the low molecular 
weight diol is 70—100 mole % 1,4 - butane- 
diol and 0'— 30 mole % neopentyl glycol and 65 
the poly(alkylene oxide) glycol is polypro- 
pylene cxide) glycol having a molecular 
weight of 600—1600. 

15. A copolyester according to claim 14 
wherein the dicarboxylic acid is 75 — 90 mole 70 
% terephthalic acid and 10—25 mole % 
isophthalic acid. 

16. A copolyester according to claims 14 
or 15 wherein 75—90 mole % of the low 
molecular weight did is 1,4 - butanediol and 75 
10—25 mole % of said diol is neopentyl 
glycol. 

17. A copolyester according to any of claims 
1—4 wherein 80—95% of the short chain 
ester units are butylene terephthalate units. 80 

18. A copolyester according to claims 1 
and 2, wherein said poly(alkylene oxide) glycol 
is poly(tetramethylene oxide) glycol; at least 
80% of the R groups are 1,4 - phenylene 
radicals; at least 80% of the D groups are 85 
1,4 - butylene radicals; and the sum of the 
percentages of the R groups which are not 

1,4 - phenylene radicals and of the D groups 
which are not 1,4 - butylene radicals is 5— 
20%. 90 

19. A copolyester according to claim 1, 
substantially as described herein. 

20. A copolyester according to claim 1, 
substantially as described herein with refer- 
ence to any of the Examples. 95 

21. A moulded or extruded article com- 
prising a thermoplastic copolyester according 
to any of claims 1—20 substantially free of 
ether thermoplastic polymers. 

22. A process for preparing the copolyester 100 
of claim 1 which comprises heating the di- 
methylester of said dicarboxylic acid with said 
pcly(alkylene oxide) glycol and said low mole- 
cular weight diol, at 150— 260°C. in the pre- 
sence of a catalyst, while distilling off 105 
methanol formed by the ester interchange. 

23. A process according to claim 22 where- 
in the product initially formed is polycon- 
densed by heating at 240— 260° C. at less 
than 1 mm. pressure: for less than 2 hours, no 
in the presence of an antioxidant. 

24. A process according to claim 22, sub- 
stantially as described herein with reference 
to any one of the Examples. 

25. The copolyester product of the process 115 
of any of claims 22—24. 

For the Applicants, 
FRANK B. DEHN & CO., 
15 — 19 Kingswav, 
London, WC2B 6UZ. 



which copies may be obtained. 



